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ABSTRACT 

 

This research brings a syllabic pattern analysis of Maxakalí language. This language is 

spoken in Mucuri Valley, a region located in northeastern Minas Gerais, by about 1500 

people. It belongs to the Macro-Jê stock and to the Maxakalí family, being the only 

language still spoken in this family. One of the goals of this research was to verify if the 

data collected in field work conformed to previous researches about its syllabic structure. 

Another goal was helping in the language documentation and description, because the 

Native American languages have, generally, very few registers, be it in academic papers, 

and be it in literature works. For the research per se, recordings were made with a native 

speaker. After collecting the data, these were analyzed quantitatively and qualitatively 

using the Acoustic Analysis principle. After this, a phonological analysis was made using 

Optimality Theory. The results indicate that syllabic pattern like onset + nucleus + coda 

can be spoken in various manners, one of them being a CVCVC (C indicates consonant 

and V, vowel) pattern. This pattern seems to be made by two phonetic syllables, but just 

one phonological one. 

 

Keywords: Acoustic Analysis, Native American languages, Maxakalí, Syllable, 

Optimality Theory 
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CHAPTER 1: INTRODUCTION 

This chapter covers the motivations for this research, in addition to the hypotheses 

postulated prior to the commencement of the actual research and a general view of the 

way this work is organized. 

 

1.1 Justification 

The present work aims at providing description material on the Maxakali language. 

Since the language has a low number of speakers, and despite its vigorous usage by those 

same speakers, the need for its description is understandable due to the high chances that 

it may cease to be spoken. 

It is also important to highlight that, according to the theoretical model to be applied 

(the Optimality Theory), we assume that certain linguistic characteristics may be 

universal, that is, they can be found in any human language, spoken during any historical 

period. Therefore, we expect to contribute to the theory, since it is the basis for making 

these universals explicit, in this case, referring to the typology of the syllable. 

 

1.2 Problem 

In Linguistics literature, there are several studies on the structure of the syllable of 

different world languages (for a brief view on some of the theories’ approach on the 

syllable, see Blevins, 1996). This structure consists basically of two elements (Blevins, 

1996): onset (O) and rime (R). The rime is further subdivided in two more units: the 

nucleus (N) and the coda (C). In order for us to understand the concepts of onset and code, 

we must know the concept of a syllable’s nucleus. This unit is, usually, the syllable’s 

vowel. The onset is, then, the prior consonant or consonants to the nucleus and the coda 

is the consonant or consonants that follow the nucleus. 

According to Gudschinsky, Popovich e Popovich (1970) and Araújo (2000), as we 

will see in chapter 3, the syllable in Maxakali may have the following structures: N, ON, 

NC and ONC. For N, there is only one possibility of performance, which is the one 

composed of a single vowel (V). For ON, there may be a performance as consonant + 

vowel (CV) or CCV. For NC, the possibilities are VC and VCC. At last, for ONC, there 
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are several possibilities of performance: CVC, CCVC, CVCC, CVCV, CCVCV, CVCVC, 

CCVCVC, CVV, CCVV, CVVC and CCVVC. When those are present, the medial 

consonant is a result of allophony with the first vowel and the second vowel is the result 

of allophony with the final consonant (which, depending on context, may be deleted). 

According to Blevins (1996), a syllabic nucleus may not have two vowels separated 

by a consonant (VCV) and still be part of the same syllable; therefore, the models 

presented by Gudschinsky, Popovich and Popovich (1970) and Araújo (2000) would 

carry a conceptual problem. The present work intends to observe whether syllables with 

two nuclear vowels in the ONC pattern actually occur in Maxakali or if such vowels 

should be considered as glides and, therefore, part of the coda; or, even yet, if they would 

belong to separate syllables. 

 

1.3 Objectives 

I present now the objectives of the present work. 

 

1.3.1 General objective 

The general objective of this dissertation is to verify to what extent the syllabic 

patterns of the Maxakali language conform to what has been previously described in past 

works. In addition, we intend to contribute to the documentation of linguistic data on the 

Maxakali language, aiming at its preservation. 

 

1.3.2 Specific objectives 

 To carry out an acoustic analysis of the properties of the syllable, among which 

duration, intensity and pitch, in the Maxakali language. 

 In addition to the physical sound analysis of the language, another objective is to 

perform a phonological analysis in order to attempt a confirmation on the status 

of the syllabic pattern, according to what has been previously published. 

 At last, to verify the applicability of the Optimality Theory, taking into account 

data found in the acoustic analysis. 
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1.4 Hypothesis 

Our work hypothesis stated that, phonetically, such allophonic vowels are not nuclei 

of the same syllable. Once past that assumption, since several of the languages of the 

world have as a syllabic nucleus one and only one vowel (Blevins, 1996), with other 

vowels being considered as glides and, as such, part of the coda. In spite of that, 

Gudschinsky, Popovich and Popovich (1970) show that, phonologically, native speakers 

treat all of these syllabic performances as ONC, quoted in section 1.2, that is, as a single 

syllable. 

In case there is only one phonetic nuclear vowel, values for duration, intensity and 

pitch for those two vowels should be different and the allophonic vowel will be 

considered a glide, in case of precedence by nuclear vowel, or a nuclear vowel pertaining 

to another syllable, in case of precedence by allophonic consonant. However, if the 

authors of Maxakali studies are correct in their analyses and if the CVCVC pattern is a 

syllable both phonologically and phonetically, both vowels should have equal or similar 

values in the parameters to be investigated. 

 

1.5 Work organization 

The first chapter, as previously announced, consisted of a brief introduction about 

the motivations, problematizations, objectives and hypotheses related to this research. 

The second chapter brings a short presentation on aspects of both Maxacali people and 

language. The third chapter, on the other hand, approaches the theoretical background, 

containing the literature review about the syllable in Maxakali and the theoretical 

framework used in this work, the principles of acoustic analysis, the Optimality Theory 

and some theoretical approaches towards the syllable as a phonological unit. Lastly, the 

final chapter contains final remarks, showing blanks and other possible paths for future 

research. 

Within the text, Maxakali words will be presented first using their orthographic 

representation, followed by the phonetic transcription and a translation of the term. We 

have utilized the orthography in addition to the phonetic transcription for two reasons: (1) 

because it is used by literate Maxakali members and, since its use is already widespread, 

it is adequate to enable access to the present work to those two have not been fully 
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introduced to the International Phonetic Alphabet; (2) because spreading and 

incentivating the use of such an orthography is one of the tools for its preservation, so it 

becomes the standard for written works in the language. A chart detailing the translation 

of the chosen words can be found at the Appendix (Chart A.1.). 
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CHAPTER 2: MAXAKALI LANGUAGE AND PEOPLE 

In this chapter, we present some aspects of Maxakali people, culture and language. 

It provides ethnographic data on the Maxakali people and additional data on the affiliation 

of their language to other families and stocks. 

 

2.1 The Maxakali people 

The Maxakali people calls itself tikmũ’ũn [tɪk˺mɯ̃'ʔɯ̃ɜñ] (true humans, true 

people); currently, they are placed among four towns in the Vale do Mucuri region, in the 

state of Minas Gerais, near the border with the state of Bahia. 

Campelo (2009) claims there are approximately 1300 Maxakali people, divided 

among four reserves, totally amounting to 6050 hectares. The biggest reserves in number 

of people and in territorial extension are the Água Boa and the Pradinho reserves, located 

in the border between the towns of Santa Helena and Bertópolis, with approximately 440 

and 560 people, respectively. Still according to Campelo (2009), in 2005 other two 

villages were created: Aldeia Verde (with approximately 150 people), in the city of 

Ladainha, and Cachoeirinha (60 people), at the district of Topázio, belonging to Teófilo 

Otoni. 

Campos (2009), on the other hand, claims there is a total of 1455 Maxakali natives, 

with an estimated population of 570 individuals in Pradinho, 595 in Água Boa,  222 in 

Ladainha and 68 in Cachoeirinha, divided among nearly 6434 hectares of discontinued 

territory. 

However, the people’s situation has not always been the same. Vieira (2006) argues 

that the Maxakali were nearly entirely decimated when, in the past, there were only 59 

individuals pertaining to this ethnicity. She claims that, before the contact with non-native 

peoples, the Maxakali survived on fishing, hunting and gathering. The region, originally 

covered by the Atlantic Forest, is currently filled with pasture, rendering the traditional 

lifestyle of the Maxakali much more troublesome. 

Originally, the extension of the territory occupied by the Maxakali ranged from 

Vale do Mucuri to Vale do Jequitinhonha. In those areas were also found other peoples: 

Botocudos (nowadays, the Krenak remain), Malalí, Monoxó, Pataxó, Kutaxó, Kutatói, 

Kumanaxó and Makoní. Paraíso (1994 apud Amaral 2007) believes that all of those 
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peoples, with the exception of the Botocudos, were actually different groups of a same 

ethnicity. She draws this connection from the names related by 19th century travelers to 

the ritual groups of the Maxakali people. 

The Maxakali cosmology is based on the relationship between men and yãmĩyxop 

[ɲãmɪj̃'̃ʧuɤ̯p ̚] (spirits) through songs and chants1. According to Campelo (2009), the 

yãmĩyxop are “other beings, differential, invested in a trip to the human world in an 

attempt to establish exchanges, relationships and experiences”. The author adds: 

“The notion of spirit in the Maxakali society is linked to a physical, corporeal 

dimension of difference and visibility, meaning that this notion does not resemble a 

condition of the supernatural and the invisible used by the Christian tradition in order to 

refer to the notion of spirit, nor do they share notions of trance and entity of the Afro-

Brazilian religions”. 

The individuals pertaining to this ethnicity mostly speak, if not all, Maxakali as 

their first language, which is traditionally classified as belonging to the linguistic family 

of the same name, a branch of the Macro-Jê stock. 

 

2.2 The Macro-Jê stock and the Maxakali family 

Rodrigues (1986) considers Maxakali as a member of the family by the same name, 

a branch of the Macro-Jê stock. The families belonging to this stock still counting live 

speakers, according to him, are the families Boróro, Botocudo, Jê, Karajá and Maxakalí; 

and the languages Guató, Ofayé, Rikbaktsá and Yatê (also known as Fulniô). The latter 

languages have no familial affiliations, being thus seen as isolated within the Macro-Jê 

stock. 

Kaufman (1990), on the other hand, considers that the families Bororo, Botocudo, 

Jê, Kamakã, Maxakalí e Puri are probable members of the Macro-Jê stock, in addition to 

the languages Chiquitano, Rikbaktsá, Jeikó, Karajá, Fulniô, Ofayé and Guató. 

The proposal presented by Ribeiro (2000), based on previous works by other 

authors (Rodrigues 1986, 1999; Greenberg 1987; Kaufman 1994), provides a general 

                                                           
1 The term for spirit and chant is the same in Maxakali: yãmĩy [ɲã'mɪj̃]̃. Yãmĩyxop is the plural of yãmĩy. 
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view of the families and languages that would belong to the Macro-Jê stock. We present 

below the chart published by Ribeiro (2006): 

 

CHART 2.1 

Macro-Jê stock hypothesis 

Family Languages2 

1 Jê †Jeikó 

North Jê: Panará, Suyá, Kayapó, Timbíra 

(Parkatêjê, Pykobjê, etc.), Apinajé 

Central Jê: Xavánte, Xerénte, †Akroá-Mirim, 

†Xakriabá 

South Jê: Kaingáng, Xokléng, †Ingaín 

2 Kamakã †Kamakã, †Mongoyó, †Menien, †Kotoxó, 

†Masakará 

3 Maxakalí Maxakalí, †Pataxó, †Kapoxó, †Monoxó, 

†Makoní, †Malalí 

4 Krenák Krenák (Botocudo, Borúm) 

5 Purí (Coroado) †Purí, †Coroado, †Koropó 

6 Ofayé Ofayé 

7 Rikbaktsá Rikbaktsá 

8 Boróro Boróro, †Umutína, †Otúke 

9 Karajá Karajá (including four dialects: South Karajá, 

North Karajá, Javaé and Xambioá) 

10 Karirí †Kipeá, †Dzubukuá, †Pedra Branca, †Sabuyá 

(included by Rodrigues, but disregarded by 

Greenberg and Kaufman) 

                                                           
2 Extinct languages are signalled with †. 
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11 Jabutí Djeoromitxí (Jabutí), Arikapú (included by 

Greenberg, but disregarded by Rodrigues and 

Kaufman) 

12 Yatê Yatê 

13 Guató Guató 

14 Chiquitano Chiquitano (Besiro) (included by Greenberg and 

Kaufman, but disregarded by Rodrigues) 

15 Otí Otí (Eo-Xavánte) (this inclusion, proposed only 

by Greenberg, is not supported by the data 

available) 

Source: Ribeiro (2006) 

 

Still according to Ribeiro (2006), some characteristics are common to several 

languages of the Macro-Jê stock. Among these are: a large number of vowels, simple 

syllabic patterns, predictable stress, simple morphology, verbs in a final-sentence position, 

postpositions in detriment of prepositions, owner-owned order in genitive constructions, 

no adjective class, with qualities represented normally by verbs and ergative-absolutive 

alignment.  

In relation to the Maxakali linguistic family, Loukotka (1931) considers the 

following languages as its members: Maxakalí, Kapoxó, Panhame, Kumanaxó, Monoxó, 

Makoní e Malalí. In a 1939 article on the Pataxó language, the same authors considers 

this language as a non-member of the Maxakali family, though noting an affinity between 

the two and the Macro-Jê stock. 

 

2.3 The Maxakali language 

As it was said in the previous section, Maxacali belongs to a family of the same 

name and to the Macro-Jê stock. Approximately 1500 natives belonging to this ethnicity 

are native speakers of the language, using it in their daily activities. The youngest have 

been taught to write, using Maxakali as their study language and learning Brazilian 

Portuguese only when they reach adolescence. 
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From the previously mentioned characteristics of the Macro-Jê stock (Ribeiro, 

2006), Maxakali presents all of them. The number of vowels is equal to the number of 

consonants and the syllabic patterns, as we will discuss on the third chapter, are relatively 

simple. The stress always is positioned on the last syllable; the flexional morphology is 

simple, presenting, according to Ribeiro (2006), a single person marking both for names 

and for verbs; the verb, in canonical sentences, is the last constituent in a sentence; there 

is occurrence of postpositions and no occurrence of adjectives, with their notions 

represented by verbs and a genitive construction of owner-owned. There is ergative-

absolutive alignment, discussed along with some of the previous characteristics by 

Campos (2007-2009). 

 

2.3.1. Phonetic inventory 

Gudschinsky, Popovich and Popovich (1970)’s paper (from now on, GPP’s) 

presents vowel and consonant phonemes and their various phonetic in Maxakali. There 

will be no detailed discussion in this work about the environment that would favor a 

performance over another; instead, we present the chart with the phonetic inventory and 

another with the phonological inventory, aiming at language description. For the phonetic 

inventory, we follow the article cited previously, with alterations according to the data 

found in the field work. For the phonologic inventory, on the other hand, we follow GPP’s 

chart with no changes. 
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CHART 2.2 

Phonetic inventory of Maxakali vowels 

 Front Central Back 

Closed i 

ĩ 

ɨ 

ɨ ̃

ɯ 

ɯ̃ 

u 

ũ 

 ɪ 

ɪ ̃

  

Mid-closed e 

ẽ 

 ɤ 

ɤ̃ 

o 

õ 

  ə  

Mid-open ɛ 

ɛ ̃

ɜ 

ɜ ̃

 

 æ 

æ̃ 

  

Open  a 

ã 

ɑ 

Source: based on GPP, 19703. 

  

                                                           
3 Vowels to the left are not round, while vowels to the right are round. Nasal vowels, represented with (~), 

appear below their oral equivalents. 
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CHART 2.3 

Phonetic inventory of Maxakali consonants 

 Bilabial Alveolar Palatal Velar Glottal 

Nasal m n ɲ ŋ  

Stop p 

p˺ 

b 

mb 

t 

t˺ 

d 

nd 

 k 

k˺ 

g 

ŋg 

ʔ 

Affricate   ʧ   

Fricative   ç ɣ h 

Approximant   j 

j ̃

w 

w̃ 

 

Source: based on GPP, 19704 

 

As we will see in the next section, the majority of the elements presented above are 

performed due to allophony. The number of vowels is reduced from 24 to 10 and the 

consonant numbers is reduced from 25 to 10. 

 

2.3.2. Phonological inventory 

The phonological inventory in Maxakali is very simple, with only 10 vowels, 

being 5 oral vowels and 5 nasal vowels, and 10 consonants. As it was said in the previous 

section, we will not dwell on details of the processes originating the allophones; we do, 

however, cite only one of these processes, an extremely relevant one to the language 

description, as we believe. 

Nasal consonants and voiced homorganic stops form pairs in complementary 

distribution. The first are performed as such before nasal vowels, whereas the other may 

be performed as pure voiced stops or even pre-nasal before oral vowels. We present now 

the charts with the phonologic inventory of vowels and consonants: 

                                                           
4 Stop consonants to the left are unvoiced and stop consonants to the right are voiced. 
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TABLE 2.4 

Phonological inventory of Maxakali vowels 

 Front Central Back 

Closed i 

ĩ 

 ɯ 

ɯ̃ 

Medium e 

ẽ 

  o 

õ 

Open  a 

ã 

 

Source: GPP, 1970. 

 

CHART 2.5 

Phonological inventory of Maxakali consonants 

 Bilabial Alveolar Palatal Velar Glottal 

Nasal m n ɲ ŋ  

Stop p t c k ʔ 

Fricative     h 

Source: GPP, 1970. 
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CHAPTER 3: THEORETICAL BACKGROUND 

This chapter is dedicated to presenting previous works on similar topics to this 

research’s, as well as the theoretical foundation that oriented the present work. 

 

3.1 Literature review 

In this section, we present the main readings on the theme of this research. 

 

3.1.1 Gudschinsky, Popovich e Popovich (1970) 

One of the oldest works containing descriptions of the syllable in Maxacali is GPP’s 

1970 article, carrying a phonetic and phonological description of the language, describing 

its segments, the syllabic structure, some phonological processes and psycholinguistic 

evidences of syllable segmentation in the language. 

According to the authors, the syllable in Maxakali may have the following 

phonemic structures N, ON, NC or ONC, in which N is the syllable’s nucleus, O is the 

onset and C is the coda. The phonetic structures would be, according to the authors: N 

would be performed as V (vowel); ON could be performed as CV (consonant followed 

by vowel) or CCV and NC would be performed as VC or VCC. They emphasize that the 

ONC phonemic pattern presents several phonetic performances: CVC, CCVC, CVCC, 

CVCV, CCVCV, CVCVC, CCVCVC, CVV, CCVV, CVVC and CCVVC. This would 

occur due to the allophony of vowels and consonants found in the syllable. The following 

chart sums up what was previously described and used examples from GPP’s 1970 article: 
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CHART 3.1 

Maxakali syllabic patterns 

Phonological 

syllabic structure 

Phonetic syllabic 

structure 

Phonological 

transcription 

Phonetic 

transcription 
Meaning 

ON CV /po.ta.ha/ [po.ta.hɜ] To cry 

 CCV /no.ʔok/ [ndo.ʔoɯ̯x] To vibrate 

     

N V /mẽ.õ/ [mẽ.õ] cat 

     

NC VC /pɯ.ic.nãŋ/ [pɯ.itʲ.nãŋ] (type of) frog 

 VCC5    

ONC     

A CVC /pa.cok/ [pa.ʃox] corn 

 CCVC /nac/ [ndaj] pot 

 CVCC /mat.tɯk mac/ [mbaɜ.tɯgŋ baj] Good frog 

     

B CVCV /tec.ŋõc/ [tɛj.gõwĩ] Rain cloud 

 CCVCV /ã.mic/ [ʔã.mbiɣi] needle 

     

C CVCVC /cõn/ [ʧõw̃ɜñ] To open 

 CCVCVC /mit/ [mbiɣɜt˺] To stretch 

     

D CVV /cak/ [ʧaɯ] To cut 

 CCVV /mat.tɯk/ [mbaɜ.tɯk˺] frog 

     

E CVVC /mĩ.hĩm/ [mĩ.hĩɤ̯̃̃ m] tree 

 CCVVC /mep/ [mbæɤ̯̃ p˺] To cut 

Source: GPP (1970). 

                                                           
5 The authors mention the possibility of this occurrence, but do not provide examples. 
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GPP (1970) also present what they call a consonant transition, in which an ONC 

pattern is performed as CVCVC. We placed below the chart showing this transition: 

 

CHART 3.2 

Consonant transition 

Nuclear vowel Coda consonant 

 /t/ [ɜ] /c/ [i] 

/i/ [j] - 

/a/ [ɣ] - 

/ɯ/ [ɣ] [ɣ] 

/o/ [w] [w] 

  

Nuclear vowel Coda consonant 

 /n/ [ɜ̃] /ɲ/ [ĩ] 

/ĩ/ [ j]̃ - 

/ɯ̃/ [ŋ] [ŋ] 

/õ/ [w̃] [w̃] 

Source: GPP (1970). 

 

Chart 3.2 shows a consonant transition from nuclear vowel allophonic vowel for 

the coda consonante. In order to clarify, we use an example provided by the authors: the 

phomenic transcription of their word for “arrow” is /po.hoc/, performed as [po.'howij] 6. 

The [w] consonant is a /o/ allophone, whereas the [i] vowel is a /c/ allophone. Therefore, 

a syllable with the ONC structure is performed as CVCVC. 

                                                           
6 This form is attested by GPP (1970), but not by our corpus. 
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By the end of their article, the authors show evidence that syllables with two vowels, 

as in the previous example, are analysed by native speakers as a single syllable. The 

experiment used by the researches connected the writing (created by themselves), in 

which there is a 1 grapheme to 1 phoneme ratio, to speech. The natives represented 

writing according to the logic from phonology and not according to phonetics, which 

indicated to the authors that, in that people’s phonological representation, this type of 

phonetic structure with two vowels is related to a single syllabic unit. 

 

3.1.2. Araújo (2000) 

In his master’s dissertation, Araújo (2000) first reviews two works: GPP (1970) and 

Pereira’s (1992)7 master’s dissertation on phonology and morphology, respectively. His 

phonological description is strongly based on GPP’s (1970), even though the authors 

extends his analysis to other phenomena in the language by means of the Optimality 

Theory. 

On his section on syllables, Araújo (2000) first extracts a few generalizations on 

GPP’s discussion, thus reducing the syllabic patterns presented by these linguists. In order 

to do so, the author does not consider the fact that, in GPP’s analysis, pre-nasal voiced 

stops such as [ŋg] or [mb] were seen not as a single unit, but as two; he adds that there are 

no syllables with empty onsets or codas in word endings. 

At last, after showing a series of tableaux with restrictions towards the syllabic 

structure, the author presents a tree model of the Maxakali maximum syllable. According 

to him, the possible phonetic syllables in the language, derived from the ONC structure, 

are CVC, CVVC, CVCVC, CVCC and CVCV, the last one having restricted occurrence. 

 

3.2. Theoretical foundations 

We present now the three theoretical bases orienting this work: acoustic analysis 

principles, the Optimality Theory and a general view on syllable theories. 

 

                                                           
7 It is worth noting, though, that Pereira (1992) discusses other grammatical aspects of Maxakali in his 

work, but Araújo (2000) is limited to its morphology. 
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3.2.1 Acoustic analysis 

For the acoustic analysis on the data collected during field work, we used some of 

the concepts presented by Ladefoged (2001). From those concepts, we considered 

relevant for syllable analysis are duration, intensity and pitch. In order to perform this 

analysis, as we show in the next chapter, we measured these three categories and verified 

that they corresponded to the expected results. However, before the analysis and 

discussion, we present the concepts for these three categories. 

Duration, as the name itself says, refers to the time spent in the speech of vowels. 

According to Ladefoged (2001), several languages use different vowel durations as a 

means of contrast between two words, but this does not apply to Maxakali. The duration 

unit used in the present work is the millisecond (ms). 

Intensity, on the other hand, is the measure corresponding to how high the sound 

goes, which is in turn related to variations in air pressure occurring during speech. We 

call these variations amplitude and the intensity is proportional to the amplitude mean. 

Intensity is measured in decibels (dB), a unit already in use for the amplitude of other 

sounds. There are variations in mean values according to context (stressed syllables have 

a higher intensity if compared to unstressed syllables) and to vowel value (open vowels 

usually have higher intensity values compared to closed vowels). 

A sound’s pitch is, according to Ladefoged (2001), “that auditory property that 

enables a listener to place it on a scale going from low to high, without considering its 

acoustic properties”. In other words, the pitch provides us with the sensation of high 

pitched and low pitched sounds, strongly related to the vibration of a speaker’s vocal 

cords. The higher the number of vibrations per second, the higher-pitched will be the 

sound. The unit used for pitch analysis was the Hertz (Hz). 

 

3.2.2. Optimality Theory 

As we will discuss in further sections, after the acoustic analysis of recordings 

collected in the field, we used the Optimality Theory to understand the underlying 

processes occurring the mind of native speakers. According to McCarthy (2007, 2008), 

in 1993 linguists Alan Prince and Paul Smolensky presented a new approach to 
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phonological analysis. This approach received the name of Optimality Theory, being 

considered an advancement from the generative studies performed until then. 

It is postulated that a given speaker has certain components in his or her mind to 

deal with the production and processing of speech. The first of these components to be 

activated is called GEN. It is an operational component of grammar, building a series of 

candidates to be performed as his or her output, different in several ways from the input. 

GEN freely, optionally and repeatedly applies linguistic operations, known as freedom of 

analysis. According to the theory, GEN is universal, that is, GEN can generate an infinite 

number of input, to be filtered by EVAL. 

This second component, EVAL, restricts from the other candidates the one that will 

be the actual output, that it, the optimal candidate. EVAL selects the candidate through a 

ranking of constraints called CON. Between two or more candidates, the one that violates 

the smallest number of constraints will be considered by EVAL as the optimal form and 

it will be performed by the language speaker. 

The constraints used by CON may be classified in two types: markedness 

constraints and faithfulness constraints. The first type is the one marking output and 

differentiating them from the input. The faithfulness constraints, on the other hand, 

demand that the output be as similar as possible to the output, that is, it marks those that 

distance themselves in an underlying form. 

Yet, according to the theory, for any speaker of any language, both GEN (the output 

candidates) and EVAL (the component responsible for selecting an optimal candidate) 

are universal; what differentiates a language from another is always CON because despite 

their constraints being universal, their ranking is unique for each language. 

According to Prince and Smolensky (1993, apud Araújo 2000), the main 

foundations for the Optimality Theory are: 

 Violability: the restrictions can be violated, but that violation is minimal; 

 Hierarchization: the constraints obey a hierarchy and it defines that minimal 

violation; 

 Inclusion: the candidates prone to analysis are accepted due to general 

considerations of a good structural formation, there are no specific or repairing 

rules; 
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 Parallelism: the best satisfaction of the constraint hierarchy is processed by the 

entire hierarchy of candidate groups, that is, for a given language there is one and 

only one hierarchy of constraints. 

The Theory of Optimality suffers several critics, such as the problem of free 

variation, as Araújo (2000) argues. However, in our work, we did not handle such 

controversial matters, suggesting instead the appropriate literature for an interested reader. 

 

3.2.3. Theories on the syllable 

The importance of theories accounting for a phenomena that influence the syllable 

as a unit of analysis has become increasingly relevant with each decade (Blevins, 1996). 

This section does not intend to discuss the several theories on the subject, but to present 

the main trends and, according to the research`s needs, to choose the most adequate one. 

Collischonn (1997) presents in her PhD thesis a bibliographic review on the main 

theories about the syllable until that point. According to the author, there are two main 

trends of syllabic theories: the one that considers the syllabic structure to be constructed 

by syllable rules (Kahn 1976, Clements and Keyser 1983, Levin 1985 apud Collischonn 

1997) and the one that claims syllabic structure to be attributed by general principles of 

structure (Selkirk 1982, Milliken 1988, Itô 1986 apud Collischonn 1997). 

This first trend states that syllabic structure is created through rules, thus allowing 

the existence of non-syllabified elements and phenomena such as resyllabification and 

extrasyllabicity. According to these theories, it would be through these rules that non-

syllabified elements would become part of the syllable. 

The second trend, on the other hand, claims that a species of mold and/or conditions 

of good syllabic formation prevail, thus dismissing the need for postulating rules for the 

syllabic structure. These conditions for good formation would already be present in the 

underlying representation and, in case an element would not be syllabified, it would not 

be performed phonetically.  

Blevins’ (1996) stance on this matter seems to match the second trend, as well as 

the one chosen by Collischonn (1997) for her analysis. We will also be choosing that 

stance, since the ideas of phonological hierarchy, sonority level (Milliken 1988 apud 
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Collischonn 1997) and syllabic mold (Selkirk 1982 apud Collischonn 1997) seem to be 

the most adequate for the analysis presented on the next chapter. 
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CHAPTER 4: METHODOLOGY AND ANALYSIS 

This chapter presents the methodology applied to data collection and analysis, in 

addition to a discussion on the results found. 

 

4.1. Methodology 

After the reading stage for the literature review and the theoretical background, a 

field work was performed aiming at data collection. I visited Aldeia Verde (Apne Yĩxux 

[aɤ̯p˺ˈdɛ ɲĩˈʧɯj]), at the county of Ladainha, on September 19th 2011, returning on the 

23rd of the same month. I could gather my recordings with a native speaker, Isael 

Maxakali, 34 years old, who is used to receiving researchers from several fields, such as 

Linguistics and Anthropology, interested in doing research on the Maxakali people. His 

native language, as well as for the other natives who I came in touch with at the village is 

the Maxakali; however, he has a knowledge of Portuguese that occasionally facilitated 

data collection. 

We recorded approximately four hours and a half of conversations between me and 

my informant, using to that end a Zoom recorder, model H4n. These conversations consist 

mainly of enunciations of isolated words by the informant, but there are also a few 

sentences and simple syntactic constructions. 

For the acoustic analysis, we chose 65 words and at that point the corpus was 

submitted for analysis. From these words, 48 had two syllables and 17 has one syllable; 

despite several phenomena in Maxakali being affected by nasality, we do not considered 

in this work such phenomena, because we believe that in the analyzed cases this influence 

was diminished. The software used for the acoustic analysis in itself was Praat, version 

5.1.03, developed by Paul Boersma and David Weenink from the University of 

Amsterdam; for the disposition of data in tables, we used Microsoft Office Excel 2007. 

For the words without consonant transition (see chapter 3, section 3.1.1 and chapter 

4, section 4.3.1), we measured: the values for nuclear vowel duration along with the 

allophonic vowel of the coda consonant (given in milliseconds [ms]); the mean pitch 

value for this vowel (given in Hertz [Hz]); and the intensity peak value for the vowel 

(given in decibels [dB]). In these items, the nuclear vowel and the allophonic vowel were 

considered as a single unit, since it fulfills the pattern CVVC. 
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For words with consonant transition, that is, the one with a nuclear phonological 

vowel of /a/, /i/, /o/ e /ɯ/ and their nasal counterparts, with the exception of /a/ and coda 

consonants of /t/, /c/, /n/ e /ɲ/ (see chapter 3, section 3.1.1 and chapter 4, section 4.3.1), 

there was a different analysis. It occurred because the output is performed as CVCVC and 

one of the objectives for this work was to verify whether this phonetic pattern should be 

considered as a simple syllable or as two distinct syllables. For the words with that profile, 

the measurements were the same as those without consonant transition; however, in 

addition to considering the joint value of the two vowels (along with the transition 

consonant), the vowel values were considered separately. 

At last, after the acoustic analysis, the data underwent an analysis through the 

Optimality Theory which, as we will see in the next sections, helped to explicit the fact 

that a monosyllabic phonological structure may have a two-syllable phonetic performance. 

 

4.2 Acoustic analysis 

We now present some facts on the syllabic patterns for Maxakali, using the basic 

principles of acoustic analysis. 

 

4.2.1 Glottal stop and fricative insertion 

As mentioned in chapter 3, Araújo (2000) reviews the syllabic patterns analyzed by 

GPP (1970), simplifying them. He claims in his thesis that there are no words without 

onset in the phonetic performance, since underlying representations without onset are 

performed with a glottal stop [ʔ] in this position. Our data seem to confirm that statement, 

as we can see in Figure 4.1 below. The arrow in the spectrogram indicates that there is a 

glottal stop at the beginning of the word ‘õhõm [ʔũˈhũɤ̯̃m] ‘that one’: 
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FIGURE 4.1 – Spectrogram for ‘õhõm / ‘that one’ 

 

Araújo (2000) states that this constraint is also valid for end of word codas, with 

the CV structure occurring only in syllables that are not the last one. Our data confirm 

that empty codas in word endings are also filled with a glottal stop; however, we noticed 

that when it occurs in the middle of a word, despite Araújo’s (2000) claim, the coda is 

often filled with a pre-aspiration. The arrow in Figures 4.2 and 4.3 show, respectively, 

the end-word stop and the pre-aspiration. The words are mĩnta’ [mĩɜñˈtaʔ] ‘fruit’ e paxap 

[pahˈʧaɤ̯p˺] ‘coconut’: 
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FIGURE 4.2 – Spectrogram for mĩnta / ‘fruit’ 

 

 

FIGURE 4.3 – Spectrogram for paxap / “coconut” 

 

We can observe from the previous examples that the Maxakali language, despite 

the argued by GPP (1970) and Araújo (2000), seems to favor a phonetic performance of 

the onset and the coda regardless of that syllable being located at the beginning, middle 

or end of a word. When these two categories do not have a phonological equivalent, there 

is a glottal stop consonant in the physical performance in the case of onset and coda at 
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word endings or of a pre-aspiration in the case of coda in the middle of a word. Maybe 

there is an influence of orality/nasality value in a syllable’s following vowel or consonant; 

however, such a hypothesis must be verified in future studies. 

In the next sections, we discuss the acoustic analysis results, starting with the words 

without consonant transition, followed by words with consonant transition. 

 

4.2.2. Acoustic analysis of word without consonant transition 

Forming a total of 48 words, 38 with two syllables and 10 with one syllable, we 

now present the results for the analysis of words without consonant transition. For these 

words the analysis was slightly more superficial, taking into account the nuclear vowel 

and the allophonic vowel as a single unit; thus we could pinpoint the mean values of 

duration, intensity and pitch. In addition, for two-syllable words, we could compare the 

values of unstressed and stressed vowels. 

Stress in Maxakali is predictable, always falling on the last syllable; with these 

measurements, we could verify which of these parameters is the main indicator of stress. 

According to the data, duration seems to be the responsible, but there are some exceptions, 

whose motives we could not discover. 

Usually, unstressed vowels range higher in pitch and intensity peak when compared 

to stressed vowels, but these are much longer. From the 38 two-syllable words without 

consonant transition that were analyzed, only 8 range higher in pitch in the stressed 

syllable, 13 have a higher intensity value in the stressed syllable and 25 have the stressed 

syllable pronounced longer than the unstressed one. 

When comparing one-syllable words and the stressed syllables in two-syllable 

words, the first group presents intensity and duration values that are higher than the 

second group’s, but the mean pitch value is lower. Table 4.1 presents the mean pitch, 

intensity and duration values for unstressed and stressed vowels in words composed of 

one and two syllables. The individual values for each analyzed word can be found in 

Tables A.2 and A.5 in the Appendix. 
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TABLE 4.1 

Mean pitch, intensity and duration values for vowels without consonant transition 

 Pitch (Hz) Intensity (dB) Duration (ms) 

Unstressed vowels in 

two-syllable words 
117,059 79,291 131,284 

Stressed vowels in 

two-syllable words 
110,703 78,185 155,268 

Vowels in one-

syllable words 
108,942 82,183 221,267 

 

It is worth noting that, from the 48 words in this category, 10 (8 with two syllables 

and 2 with one syllable) showed a context in which a consonant transition would be 

expected, but that was not detected in the spectrogram. Figure 4.4 illustrates an example, 

pohox [puˈhuj] ‘arrow’, in which a transition consonant was expected [puˈhuwij], but did 

not occur. 

 

 

FIGURE 4.4. – Spectrogram for pohox / ‘arrow’ 
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Another case worth noting concerns the words mai [ˈbaj] ‘good and max [ˈbɑj] 

‘false’. The first word is analyzed by native speakers as having two syllables, because its 

“i” is prolonged when one wants to insert emphasis; in addition, when speaking 

Portuguese they pronounce this words as a hiatus, ma-i. That does not happen with the 

second word; when prolonged, the emphasis falls on the vowel “a”. However, 

conversationally, mai is produced as a one-syllable word and our measurements showed 

mai’s pronunciation to be shorter than max’s. It seems that native speakers distinguish a 

word from the other through vowel value, with the presence of a non-rounded open central 

vowel [a] and the presence of a non-rounded back open vowel [ɑ]. Table A.2 in the 

Appendix shows the measures of both words and, for analytic purposes, we consider both 

as one-syllable words. 

 

4.2.3 Acoustic analysis of words with consonant transition 

In this section, we present words with consonant transition. 17 words were analyzed, 

with 10 having two syllables and 7 having one syllable. In the case of two-syllable words, 

we chose to analyze only the words with consonant transition in the stressed syllable. One 

word from the one-syllable group showed a transition when it was not expected. The 

spectrogram (Figure 4.5) for the word pũg [ˈpɯ̃ŋə] ‘onomatopoeia of the act of jumping’ 

shows clearly the consonant between the two vowels, in addition to a drop of intensity 

between them, an indication of consonant. The bar at the top of the spectrogram indicates 

the entire duration of the transition consonant and the thinner line, the intensity. A peak 

can be noticed at the first vowel, followed by a drop due to the consonant followed by a 

new peak, this time lower than the first one, indicating the second vowel. 
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FIGURE 4.5 – Spectrogram for pũg / ‘onomatopoeia of the act of jumping’ 

 

Regarding the mean total values for vowel, through the same methodology as the 

one used for vowels with no consonant transition, the pattern remains the same: 

unstressed vowels have mean pitch and intensity values that are higher than the stressed 

ones, though presenting a lower duration value. 

When comparing one-syllable words and stressed vowels in two-syllable words, the 

first group means higher values for the three parameters; concerning the pitch, however, 

the difference remain below 1 Hz. Table 4.2 shows the results: 

 

TABLE 4.2 

Mean pitch, intensity and duration values for vowels with consonant transition 

 Pitch (Hz) Intensity (dB) Duration (ms) 

Unstressed vowels 

in two-syllable 

words 

119,299 80,120 126,883 

Stressed vowels in 

two-syllable words 
108,823 79,748 189,744 

Vowels in one-

syllable words 
120,159 83,304 250,743 
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As it occurs in syllables without a transition consonant, there are divergent results 

in syllables with a transition consonant. In two-syllable words there is a case in which the 

mean pitch value in the stressed syllable is higher than the unstressed syllable, and five 

cases (that is, half of the total) in which the intensity peak of the stressed syllable is higher 

and only one case in which the unstressed vowel’s duration is higher. 

When comparing one-syllable words and stressed vowels with transition 

consonants, the values for each of the two vowels in the CVCVC phonetic pattern show 

that our hypothesis seems to have been validated by the data collected. In our introduction 

we stated that, in case this pattern were to be recognized as a single phonetic syllable, the 

values for the three parameters should be the same, or at least very similar, for both vowels. 

However, in case these vowels belonged to different phonetic syllables, the values would 

be dissimilar. That seems to be the case, as we show below, through the mean values 

found for the analyzed parameters and some examples taken from the spectrograms 

employed in this research. It is worth noting that the first vowel in the analyzed pattern is 

the nucleus in the phonological syllable and the second occurs through allophony with 

the consonant occupying the coda position. 

TABLE 4.3 

Mean pitch values of the two vowels following the CVCVC pattern 

 
Nuclear vowel 

pitch (Hz) 

Allophonic vowel 

pitch (Hz) 
Total pitch (Hz) 

Stressed vowels in 

two-syllable words 
112,979 104,231 108,823 

Vowels in one-

syllable words 
127,101 113,474 120,159 

 

  



39 
 

TABLE 4.4 

Mean intensity values of the two vowels following the CVCVC pattern 

 
Nuclear vowel 

intensity (Db) 

Allophonic vowel 

intensity (Db) 

Total intensity 

(Db) 

Stressed vowels in 

two-syllable words 
79.748 74.404 79.748 

Vowels in one-

syllable words 
82.396 78.167 83.304 

 

TABLE 4.5 

Mean duration values of the two vowels following the CVCVC pattern 

 
Nuclear vowel 

duration (ms) 

Allophonic vowel 

duration (ms) 
Total duration (ms) 

Stressed vowels in 

two-syllable words 
82,817 64,683 189,744 

Vowels in one-

syllable words 
84,937 85,268 250,743 

 

We can see, from the numbers presented above, that the mean values for the three 

parameters are higher for the nuclear vowel than for the allophonic vowel, the only 

exception being the vowel duration in one-syllable words. We do not know the motive 

behind this difference; however, if we look at the bigger picture, this result can be 

considered as an exception in the pattern. Posterior studies will be able to verify if these 

values are, in fact, recurrent or if they are a quirk found in this research’s data. 

Regarding the numbers found in Table 4.3, there is only one comment to be made: 

if all the nuclear vowels have a higher mean pitch value when compared to the allophonic 

vowels, when calculating the total mean this number must obviously be between the first 

and the second vowel. 

That does not happen to the data in Table 4.4. A syllable’s intensity peak is always 

on the vowel. If we consider the peaks for both vowels, the higher peak will have the 

same value as the one concerning the entire syllable, since they are both the same peak. 

As for stressed syllables in two-syllable words, the mean value of nuclear vowels is the 
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same as the total mean value, because the peak is always on the nuclear vowel for the 

words in this group. However, for one-syllable words, two from the seven words have 

their intensity peak in the allophonic vowel, hence the difference in values. 

In Table 4.5, it is important to highlight that the duration value for the nuclear vowel 

and the allophonic vowel is not the same as the total duration, since this last category 

presented consonant transition. That is, in order to reach the mean duration value for these 

two consonants, one must subtract from the total value the quantities of both the nuclear 

and allophonic vowels. 

 

FIGURE 4.6 – Spectrogram for ũgmit / ‘I stretch’ 

 

FIGURE 4.7 – Spectrogram for tuhut / ‘purse’ 
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Both Figures 4.6 and 4.7 show the presence of a consonant between the nuclear and 

the allophonic vowels. The two arrows indicate the intensity peaks for the two vowels 

and the bar between them shows the transition consonant throughout their duration. The 

line crossing the spectrogram shows the intensity. We can see that there is a drop in 

intensity between the syllable vowels presenting consonant transition, an indication of a 

consonant between them and, therefore, of a presentation as the CVCVC pattern. 

We also added to the Appendix three tables with the mean pitch, intensity and 

duration values according to their vowel values, aiming at language description. We did 

not consider, however, the phonetic-phonological environments in which these vowels 

occur, since these tables are in the work, as mentioned, intended as a reference more than 

a tool for a deeper analysis (see Tables A.6 and A.8). 

 

4.3 Optimality Theory Analysis 

In this section, we will discuss the results on the syllables following CVVC and 

CVCVC patterns through the Optimality Theory. We can note, from the results 

introduced in the previous section, that the CVVC pattern is, phonetically, a single 

syllable, appearing to be so phonologically, too. The CVCVC, on the other hand, may be 

considered at a level of phonetic performance as a two-syllable word. However, at a more 

abstract level, this pattern is monosyllabic and there are evidence allowing such a 

statement. 

Initially, GPP (1970) made experiments with natives in the process of literacy. 

Results showed that the written competency presented by these people reflects the 

phonological representation in detriment of the phonetic one. At an attempt to verify this 

in person, during the field work, I asked my informant to separate some words into 

syllables. At first I provided an example with a two-syllable word (nãmtut [nãɤ̯̃mˈtɯɣɜt˺] 

‘bow’), later asking him to separate into syllables the words mĩmtut [mĩɤ̯̃mˈtɯɣɜt˺] 

‘house’, paxap [pahˈʧaɤ̯p˺] ‘coconut’ and kut [ˈkɯɣɜt˺] ‘tick’. The first word was 

separated in two syllables, not three; the second was separated into two syllables, as 

expected. The third word was not separated; when prompted, the informant claimed it 

was not possible. Therefore, the claim that syllables with consonant transition have only 

one syllable seems to be valid. Other researches with illiterate speakers or in the process 

of literacy could bring interesting insights regarding this matter. 
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4.3.1. Description of processes resulting in consonant transition 

Before we attempt to demonstrate consonant transition through the Optimality 

Theory, it is necessary to describe which processes unleash such a phenomenon. 

The consonants in coda, in Maxakali, with the exception of stops, always have a 

vowel allophone preceding them at the same point of articulation; that is, for a palatal 

phoneme /c/, the allophonic vowel is a high front vowel [i]. 

The consonant transition is no more than the insertion of a consonant between a 

syllable’s nuclear vowel and this allophonic vowel. It seems that the joint effect of the 

nuclear vowel and coda consonant values enable this insertion, since not all contexts favor 

the occurrence of this phenomenon. In cases without a transition consonant, the 

allophonic vowel is performed as a glide, that is, an ONC structure originated a CVVC 

syllable. In cases with transition, the same ONC structure originates a CVCVC pattern. 

A first fact would be that coronal consonants, that is, alveolar and palatal 

consonants, trigger the phenomenon of consonant transition 8 . Labial and dorsal 

consonants have a vowel allophone, but they do not force the nuclear vowel to be 

performed with its consonant allophone. Another point to be highlighted is that the front 

medium vowel /e/ and its nasal equivalent are never performed with a consonantal 

allophone. 

For palatal consonants, only back vowels /o/ e /ɯ/ and their nasal counterparts 

undergo the transition phenomenon. For alveolar consonants, on the other hand, as is the 

case for the /t/ stop, all vowels except /e/ (that is, /a/, /i/, /o/ and /ɯ/) undergo the 

phenomenon; for the /n/ nasal, only high and/or back vowels /ĩ/ /õ/ and /ɯ̃/ will activate 

their allophones. 

We can note, therefore, that back vowels will always have consonant allophones 

when followed by coronal consonants in coda. For high front vowels ((/i/ and /ĩ/), their 

allophones are only present when the coda includes an alveolar consonant. At last, the /a/ 

vowel only undergoes consonant transition when preceded by a /t/ in coda position. 

Taking into account the previous considerations, the next section will discuss the 

occurrence (or not) of the consonant transition, using to that end the Optimality Theory. 

                                                           
8 We found an exception in the data we collected, shown in section 4.2.3. 
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4.3.2. Consonant transition and Optimality Theory 

Araújo (2000) presents an analysis showing the CVCVC pattern syllables as a 

single syllable, both phonetically and phonologically. We believe the author is partially 

right and that, in our understanding, native speakers analyze this pattern as a one-syllable 

word due to the phonology overcoming the phonetics. 

We briefly present now Araújo’s (2000) analysis to explain the insertions both of 

allophonic consonants to nuclear vowels and allophonic vowels to consonants in coda. 

The author utilizes two families of constraints to explain those insertions. They are: 

“IDENT-F: Corresponding segments have identical values for the T trace 

IDENT-PLACE: Corresponding segments have identical values for the articulation 

point” (ARAÚJO, 2000). 

Both the allophony for the vowel and for the consonant in coda can be explained 

by these two constraints; the tableaux presented below, based on the ones shown by 

Araújo (2000), accurately explain that a given phone in inserted where another would 

have been. The first four tableaux refer to the insertion of the allophonic vowel, the last 

four referring to the insertion of the allophonic consonant. In all cases, IDENT-F 

dominates IDENT-PLACE.9 

  

                                                           
9 For further discussion on the insertions, the reader is referred to the work cited above. 
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TABLEAU 4.1 

/ˈkɯt/ ‘tick’ IDENT [coronal] IDENT [high] 

→ [ˈkɯt˺]   

→ [ˈkɯɣɜt˺]   

[ˈkɯɣit˺]  *! 

[ˈkɯɣɤt˺] *! * 

[ˈkɯɣɯt˺] *! * 

Source: based on Araújo (2000). 

 

TABLEAU 4.2 

/ˈcak/ ‘to cut’ IDENT [dorsal] IDENT [high] 

→ [ʧak]   

→ [ˈʧaɯk]   

[ˈʧaɤk]  *! 

[ˈʧaik] *! * 

[ˈʧaɜk] *! * 

Source: based on Araújo (2000). 

 

TABLEAU 4.3 

/poˈhoc/ ‘flecha’ IDENT [coronal] IDENT [high] 

→ [poˈhoj]   

→ [poˈhowij]   

[poˈhoɜc]  *! 

[poˈhoɤc] *! * 

[poˈhoɯc] *! * 

Source: based on Araújo (2000). 
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TABLEAU 4.4 

/mĩˈhĩm/ ‘wood’ IDENT [labial] IDENT [round] IDENT [high] 

→ [mĩˈhĩm]    

→ [mĩˈhĩɤm]    

[mĩˈhĩom]  *!  

[mĩˈhĩɯm] *! * * 

[mĩˈhĩim] *! * * 

[mĩˈhĩɜm] *! * * 

Source: based on Araújo (2000). 

 

Araújo (2000) shows that IDENT-PLACE is always dominated by the IDENT-F 

family in these tableaux, but he provides two optimal forms. In our work, we located as 

the effective performance the second optimal form from each of the tableaux, that is, the 

one presenting allophony for the coda consonant. We present four more tableaux below 

on the insertion of an allophonic consonant for the nuclear vowel. We will discuss this 

data further on. 

TABLEAU 4.5 

/ˈkɯt/ ‘tick’ IDENT [dorsal] IDENT [high] 

→ [ˈkɯt˺]   

→ [ˈkɯɣɜt˺]   

[ˈkɯwɜt˺] *!  

[ˈkɯjɜt˺] *!  

Source: based on Araújo (2000). 
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TABLEAU 4.6 

/ˈmit/ ‘to strech’ IDENT [coronal] IDENT [high] 

→ [ˈmbit˺]   

→ [ˈmbijɜt˺]   

[ˈmbiwɜt˺] *! * 

[ˈmbiɣɜt˺] *! * 

Source: based on Araújo (2000). 

 

TABLEAU 4.7 

/ˈtat/ ‘to carry’ IDENT [dorsal] IDENT [high] 

→ [ˈtat˺]   

→ [ˈtaɣɜt˺]  * 

[ˈtawɜt˺] *! * 

[ˈtajɜt˺] *! * 

Source: based on Araújo (2000). 

 

TABLEAU 4.8 

/poˈhoc/ ‘arrow’ IDENT [labial] IDENT [high] 

→ [poˈhoj]   

→ [poˈhowij]  * 

[poˈhoɣij] *! * 

[poˈhojij] *! * 

Source: based on Araújo (2000). 

 

Similarly to the first four tableaux, these last four present the same problems and 

solutions. Initially, they all select two optimal candidates, but, in the last two tableaux, 
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one of these optimal candidates violates a constraint. In addition, it can be clearly seen 

that IDENT-F always dominates IDENT-PLACE. 

The main issue with Araújo’s (2000) analysis is that the author does not explain 

how to account for the relationship between coda and vowel in cases of consonant 

restriction, that is, he analyzes allophony as a separate event, not a joint one. An analysis 

accounting for this phenomenon must explain why some cases are motivated by this 

transition and other are not.  

Unfortunately, we do not present a solution, but what seems to occur is a 

dissimilation between nuclear vowel and coda consonant, as it happens, for instance, with 

palatal consonants. The only vowels presenting consonant transition when preceding 

palatal consonants are the posterior ones, that is, those with no traits in common with 

consonants of that kind. If this were an assimilation phenomenon, it would be expected 

that front vowels underwent the process. 

For future research, the constraints selecting optimal candidates should be studied, 

both for cases of consonant transition and for cases in which the transition does not 

happen. 
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CHAPTER 5: FINAL REMARKS 

 

The objective of this work was to verify the extent to which syllabic patterns in 

Maxakali conformed to what had already been described in previous works. Through 

acoustic analysis and the Optimality Theory, we noted that much of what has been 

published was also found during our field work. However, in some points, our data 

diverged from what has been said by some authors. 

Initially, GPP (1970) and Araújo (2000) claim that there are cases of syllables with 

empty codas. In our opinion this is not what actually occurs, since in the absence of a 

phonological coda, it can be filled by a glottal stop (at word endings) or by a pre-aspiration 

(in the middle of words). 

In addition, those authors claim that one the performances for the ONC syllabic 

pattern, more specifically the CVCVC one, both vowels belong to the same syllable. 

Phonetically, we showed that we have two syllables, because the pitch, intensity and 

duration values vary for both vowels in all analyzed cases. Phonologically, this pattern 

indicates the occurrence of a single syllable. Although they were not analyzed in this 

work, we believe that phenomena such as the attribution of stress, usually falling on the 

last phonological syllable, in this case falls on the last but one phonetic syllable, first 

given by the nuclear vowel and only afterwards undergoing phenomena of allophony. 

Through the measurements and analyses using acoustic features and the Optimality 

Theory, we could provide a brief description on some facts concerning the phonetics and 

phonology of the Maxakali language. We managed, therefore, to perform a measurement 

of syllabic parameters, to carry out a phonological analysis allied to the phonetic data, 

verifying the applicability of the Optimality Theory with the data collected during field 

work. 

This work is not free from imperfections; methodologically, we are aware of the 

inadequacy derived from basing oneself solely on data collected from one informant alone, 

but it is not always easy to achieve quality recordings outside of a laboratory. Additionally, 

the number of analyzed words is small; in future research, that corpus will certainly be 

significantly larger. At last, we are aware that analyzing the enunciation of isolated words 

may not generate the same results as those from fluent speech and, during future research, 
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the ideal would include recordings of more than one speaker, in a real conversational 

context. 

For future research, it would also be ideal to analyze allophonic vowels separately 

for syllables without consonant transition, cross matching the results found in syllables 

carrying that transition. Another point worthy of further investigation is the structure of 

the pattern CVCVC through other theories but acoustic analysis and the Optimality 

Theory, possibly through Psycholinguistics. 

Finally, for other future studies, it is necessary to verify the impact caused by the 

proposal of two phonetic syllables deriving from a phonological one in the establishment 

of a constraint ranking in Maxakali. Probably, if this is the case, some points will have to 

be changed in Araújo’s (2000) proposal, who deals in further detail with this aspect than 

the present work. 
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APPENDIX 

 

CHART A.1 

List of words evaluated during the Acoustic Analysis and their translations 

Maxakalí Portuguese  Maxakalí Portuguese 

gãy angry  paptux drunk 

hãhãm earth  paxap coconut 

hãmgãy jaguar  paxok maize 

hemex 
religious 

ceremony 
 pohox arrow 

hemẽn medicine  pugãm stove 

hittup happy  put give birth 

hõnhã today  pũg 

onomatopoeia of 

the act of 

jumping 

kakxop child  tappet paper 

kohot cassava  tat carry 

kohok cigarette  tehex rain 

kokex dog  teptep bellbird 

kox hole  texgõy storm 

kõmẽn city  tihik man 

kut tick  tox long 

kũmẽn wrap  tõmãn tomato 

mai good  tuhut purse 

mattuk frog  xak cut (singular) 

max false  xãnnax sandal 

mãhãm fish  xit thread 

mãyõn sun  xokxak hunt 

mã'ãy alligator  xokyĩn meat 

mep cut (plural)  xo'op drink 

mit stretch  xõn open 
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mĩhĩm wood, tree  xũnĩm bat 

mĩmkox canoe  yãmĩy spirit, chant 

mĩmmãg branch  yĩmxax nail 

mĩmtut house  yok straight 

mĩmxap bed  yõgtat breast 

mĩnta fruit  'ãmux needle 

mũnũy deer  'õhõm that one 

nak dry  'ũhũn woman 

nax pot  'ũ'ũm who 

nãmtut bow    
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TABLE A.2 

Pitch, intensity and duration values for words without consonant transition 

Word 

Unstressed 

vowel 

pitch mean 

(Hz) 

Stressed 

vowel 

pitch 

mean 

(Hz) 

Unstressed 

vowel 

intensity 

peak (dB) 

Stressed 

vowel 

intensity 

peak 

(dB) 

Unstressed 

vowel 

duration 

(ms) 

Stressed 

vowel 

duration 

(ms) 

hãhãm 117,985 108,687 78,361 73,403 98,807 122,823 

hãmgãy 105,634 97,956 75,516 71,967 180,869 180,028 

hemex 112,916 91,830 81,226 79,924 134,379 169,245 

hemẽn 121,523 114,552 77,074 77,027 155,957 188,558 

hittup* 120,823 105,174 76,035 80,345 101,268 187,422 

hõnhã* 105,878 99,961 74,100 70,644 168,948 120,225 

kakxop 111,642 103,532 78,058 72,732 159,674 119,242 

kohok 121,121 113,002 82,683 78,073 97,941 112,020 

kohot* 117,544 114,265 79,911 79,349 112,337 240,093 

kokex 113,025 95,783 76,825 81,954 86,509 173,739 

kõmẽn 123,325 113,306 78,842 76,844 123,977 202,426 

kũmẽn 127,372 118,247 78,209 81,426 102,413 178,921 

mattuk* 111,518 100,779 82,049 83,630 157,558 137,958 

mãhãm 114,230 114,755 78,110 76,085 85,792 159,074 

mã'ãy 104,440 102,833 78,647 74,183 151,170 186,055 

mĩhĩm 127,370 119,395 80,468 77,101 101,332 159,052 

mĩmkox* 116,558 116,953 76,937 84,769 155,522 167,552 

mĩmmãg 111,155 106,077 75,386 77,928 220,725 179,912 

mĩmxap 114,047 117,103 74,849 84,246 139,897 185,072 

mĩnta* 111,270 101,955 76,135 80,732 132,978 112,570 

paxap 112,207 106,709 79,881 82,092 162,277 147,524 

paxok 108,195 100,604 79,284 71,322 87,106 82,093 

pohox* 113,960 106,478 78,867 76,886 103,281 176,047 

pugãm 127,849 122,718 80,404 79,887 93,909 147,145 

tappet 127,209 128,255 86,016 84,788 159,684 126,281 
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tehex 114,094 99,605 83,961 73,897 134,038 156,922 

teptep 122,640 124,742 83,835 86,558 127,405 107,458 

texgõy* 117,454 130,915 82,636 75,850 229,510 218,581 

tihik 117,359 100,266 81,823 74,452 117,461 121,496 

tõmãn 113,595 108,995 82,597 73,989 94,045 175,876 

xãnnax 118,627 110,527 76,885 82,067 139,625 166,376 

xokxak 122,318 101,356 82,043 79,958 124,866 160,885 

xo'op 117,340 105,465 81,337 74,814 93,067 95,825 

xũnĩm 117,422 113,589 78,839 76,221 113,755 159,657 

yãmĩy 116,200 109,900 80,663 75,600 116,509 84,324 

yĩmxax 107,596 102,587 73,790 79,250 138,318 171,251 

'õhõm 133,853 135,938 79,094 80,902 129,855 157,638 

'ũ'ũm 130,954 141,912 81,667 80,144 156,016 162,829 

gãy - 104,107 - 76,651 - 227,041 

kox* - 128,657 - 83,248 - 212,071 

mai - 101,309 - 81,606 - 234,031 

max - 94,198 - 78,121 - 245,708 

mep - 117,456 - 84,694 - 176,887 

nak - 101,644 - 81,632 - 235,861 

nax - 106,820 - 83,928 - 243,482 

xak - 113,781 - 84,773 - 221,192 

yok - 98,817 - 80,253 - 218,571 

Note: An asterisk * after the word indicates that it should have a transition consonant, 

but this was not found in the analysis. 
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TABLE A.3 

Pitch mean values for words with consonant transition 

Word 

Unstressed 

vowel pitch 

(Hz) 

Nuclear vowel 

pitch (Hz) 

Allophonic 

vowel pitch 

(Hz) 

Stressed vowel 

total pitch (Hz) 

mãyõn 109,163 108,979 103,934 106,713 

mĩmtut 116,820 111,193 99,645 107,803 

mũnũy 111,374 107,447 104,780 106,109 

nãmtut 118,966 124,170 112,959 119,130 

paptux 106,124 105,283 97,868 101,846 

tuhut 121,500 117,409 111,969 114,672 

xokyĩn 120,603 114,759 107,359 111,019 

yõgtat 113,153 109,501 102,497 105,257 

'ãmux 120,379 112,690 100,377 107,594 

'ũhũn 154,908 118,356 100,919 108,084 

kut - 121,386 111,632 116,498 

mit - 137,957 116,244 125,031 

put - 121,968 107,796 114,844 

pũg* - 137,657 121,605 130,151 

tox - 125,068 113,466 119,924 

xit - 122,934 119,380 121,612 

xõn - 122,739 104,195 113,052 

Note: An asterisk * after the word indicates that it should not have a transition 

consonant, but this was found in the analysis. 
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TABLE A.4 

Intensity peak values for words with consonant transition 

Word 

Unstressed 

vowel intensity 

(dB) 

Nuclear vowel 

intensity (dB) 

Allophonic 

vowel intensity 

(dB) 

Stressed vowel 

total intensity 

(dB) 

mãyõn 77,446 75,439 72,695 75,439 

mĩmtut 75,940 82,279 75,602 82,279 

mũnũy 77,235 74,896 69,042 74,896 

nãmtut 81,260 83,785 78,882 83,785 

paptux 81,420 82,116 75,325 82,116 

tuhut 85,654 80,861 78,273 80,861 

xokyĩn 85,561 73,729 68,308 73,729 

yõgtat 79,340 83,592 81,369 83,592 

'ãmux 73,961 82,757 76,262 82,757 

'ũhũn 83,385 78,022 68,285 78,022 

kut - 80,515 81,909 81,909 

mit - 81,252 76,581 81,252 

put - 86,888 78,846 86,888 

pũg* - 88,089 78,572 88,089 

tox - 82,715 78,379 82,715 

xit - 77,518 82,484 82,484 

xõn - 79,793 70,399 79,793 

Note: An asterisk * after the word indicates that it should not have a transition 

consonant, but this was found in the analysis. 
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TABLE A.5 

Vowel duration values for words with consonant transition 

Word 

Unstressed 

vowel duration 

(ms) 

Nuclear vowel 

duration (ms) 

Allophonic 

vowel duration 

(ms) 

Stressed vowel 

total duration 

(ms) 

mãyõn 141,074 97,820 84,511 229,578 

mĩmtut 126,781 124,569 43,489 191,645 

mũnũy 90,020 81,950 54,633 188,112 

nãmtut 126,849 70,014 69,190 158,973 

paptux 117,216 69,525 38,497 125,835 

tuhut 86,829 68,343 82,908 191,024 

xokyĩn 133,340 79,042 76,293 211,695 

yõgtat 110,394 77,193 87,983 204,187 

'ãmux 192,888 85,366 61,906 173,338 

'ũhũn 143,435 74,352 47,421 223,057 

kut - 84,404 96,166 239,376 

mit - 87,114 88,616 323,674 

put - 108,117 80,303 234,627 

pũg* - 86,804 94,941 252,815 

tox - 78,187 75,434 248,325 

xit - 66,212 80,991 215,779 

xõn - 83,718 80,422 240,607 

Note: An asterisk * after the word indicates that it should not have a transition 

consonant, but this was found in the analysis. 

 



61 
 

TABLE A.6 

Pitch, intensity and duration mean values according to the vowel value of stressed 

vowels in two-syllable words 

Vowel Pitch mean (Hz) 
Intensity peak 

mean (dB) 

Duration mean 

(ms) 

a 107,151 82,115 162,769 

ã 107,346 74,979 158,281 

e* 108,043 81,424 146,729 

ẽ 115,368 78,432 189,968 

i* 100,266 74,452 121,496 

ĩ 110,460 74,665 148,010 

o 108,614 76,849 141,839 

õ* 124,522 77,397 201,932 

u 108,143 82,253 166,599 

ũ* 118,702 77,687 191,333 

Note: Vowels marked with an asterisk * indicate three ocurrencies or less in the corpus. 

 

TABLE A.7 

Pitch, intensity and duration mean values according to the vowel value of stressed 

vowels in one-syllable words 

Vogal Pithc mean (Hz) 
Intensity peak mean 

(dB) 
Duration mean(ms) 

a 106,731 82,831 229,683 

ã* 104,107 76,651 227,041 

e* 117,456 84,694 176,887 

ẽ* - - - 

i* 123,322 81,868 269,727 

ĩ* - - - 

o* 113,737 81,751 215,321 

õ* 113,052 79,793 240,607 

u* 115,671 84,399 237,002 

ũ* 130,151 88,089 252,815 

Note: Vowels marked with an asterisk * indicate three ocurrencies or less in the corpus. 
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TABLE A.8 

Pitch, intensity and duration mean values according to the vowel value of unstressed 

vowels in two-syllable words 

Vowel Pitch mean (Hz) 
Intensity peak mean 

(dB) 

Duration mean 

(ms) 

a 112,816 81,118 140,586 

ã 113,958 77,872 137,065 

e 117,725 81,746 156,258 

ẽ* - - - 

i* 119,091 78,929 109,365 

ĩ 114,974 76,215 145,079 

o 117,987 81,032 107,334 

õ 117,961 78,795 125,444 

u* 118,924 81,747 117,958 

ũ 128,406 79,867 121,128 

Note: Vowels marked with an asterisk * indicate three ocurrencies or less in the corpus. 


